four million. This number is necessary to keep the radiotherapeutic centres economically busy.
There should be an autonomous efficiency and sufficiency in all intermediate and district hospitals with a smoothly working two-way traffic system so that the specialist can go to the periphery and the patients pass from the periphery to the centre.
The technique of radiotherapy will be changing much more rapidly than that of surgery.
Who should do the radium implantation? Whoever does it must see that:
(1) The help of the radiotherapist and biophysicist is obtained to plan the position -and extent of the implants.
(2) The implantation is checked by radiology and the field checked.
(3) The doses are recorded in such a way that the radiotherapist, if subsequent treatment is needed, can successfully and safely adjust the dose.
(4) There is a regular follow-up for at least ten years. In addition to having a radiotherapeutic department established at the fully equipped regional (university) and co-operating hospitals, there must also be the closest co-operation between them and the district hospitals where the surgery can be done.
There must be consultative centres scattered over the whole region where the general practitioner can send his patients at specified times and where he can attend and join in the consultation of the surgeon, radiotherapist and pathologist. By this means he would not only give his patient confidence and encouragement but also realize the difficulty in many cases -f making a diagnosis. His interest would be aroused and this would make him a very important factor in the subsequent follow-up. He should receive a financial sanction for his attendance. The Regional Centre should see that all practitioners in the whole region are kept informed of the results achieved.
The proposals of local authorities cannot be standardized, but broad principles will be suggested to them if asked for. Each scheme must be modified by the density of population, transport facilities and type of industry.
The schemes are to be sent in by the local authorities, but the medical profession must play its part.
In the words from the Talmud:
"The day is short and the work is great. It is not incumbent upon thee to complete the work but thou must not therefore cease from it." [Janulary 2, 1946] 
DISCUSSION ON ABDOMINAL INCISIONS
Major-General Sir Heneage Ogilvie: My task as opener is merely that of the compere, to make some remarks explaining what the show is about, and to keep the audience quiet while the late-comers are getting into their seats. I will use the Socratic method.
What is an abdominal incision? An incision through the abdominal wall. What then is the abdominial wall? It is the whole edifice that bounds the abdominal cavity, and includes the bony framework, the muscular and aponeurotic walls that enclose it in front and at the sides, the diaphragm that roofs it and the pelvic diaphragm that forms its floor. No consideration of the surgical approach to any abdominal viscus is complete unless we think of it in relation to all these walls, and the value of such three-dimensional thinking has been exemplified during the last few weeks in the discovery by Terence Millin of a new surgical approach to the prostate.
The considerable extension of surgical enterprise that has been made possible by advances in anaesthesia, resuscitation and chemotherapy has encouraged the study of alternative approaches, particularly the trans-diaphragmatic approach to organs in the upper part of the abdominal cavity. I suggest, however, that we should be wise to-day to confine our discussion to methods of approach to the organs lying inside and not behind the coelomic cavity, and to incisions made through the abdominal walls.
What is the purpose of an abdominal incision? What should it do and what should it not do? An incision should give access to the part to be attacked, and room for the required job to be done. It should be extensible in a direction that will allow for any reasonably probable extension of the scope of the operation. It should interfere as little as possible with the functions of the abdominal wall in the immediate post-operative phase, and it should finally leave it as strong as it was before.
When we demand access to the part to be attacked, we do not mean the most direct access to the whole field of operation, but the best access to its most difficult parts. When we demand extension, we are not asking for an incision that will cover any num-iber of wildly wrong diagnoses, but one that will allow reasonable latitude in scope. A sood incision must bring the surgeon to parts that cannot be brought to him, which u 'ly means to roots or pedicles of organs, which again usually means the mid-line, fc:-t:at is where arteries sprout and ducts empty.
Th2 first essential of an incision in securing access is that it should be placed right.
It is c-qually important that it should be large enough to admit the surgeon's hands and the ordinary tools of his craft. Telemanual technique is indispensable in the various specialties that might be grouped together as orificial surgery, but in the abdomen it is perverted ingenuity. Operating with long instruments and stalked lights has the dramatic appeal of a peepshow, but it can never be as safe or as gentle as work with fingers. One of the truest aphorisms in abdominal surgery is that of Fagge: "Make your incision twice as long as you think it ought to be; then you won't have to enlarge it much." The small incision is the vice of the callow, the cosmetic, and the commercial; it means at best more retraction and trauma than is really necessary, at worst a job poorly done or a necessary job left undone.
The second essential is extensibility. Before opening the abdomen at all, a surgeon must ask himself "What is the matter? What am I proposing to do? What else may I possibly be forced to do?" and he must so plan his incision that he can certainly do the necessary, and can, if need be, extend it to do the contemplated additions. But he must have some idea of what organ he proposes to attack, or at any rate in which compartment of the abdomen he is going to perform. He can extend the standard incisions, the median and paramedian and the lateral oblique or transverse, to a length of twelve inches or more without gross structural damage, but it is seldom right that he should do so. If the diagnosis was right but the operation unexpectedly difficult he needs no more than a moderate extension; if the diagnosis was wrong, he is faced with the difficult alternatives of opening the abdomen like the mouth of a yawning hippopotamus, or closing his original incision and making the right one.
The difficulty arises above all in operations for acute abdominal emergencies. An incision correctly planned for acute appendicitis can be extended to cope with an appendix that is gangrenous and fixed in some unexpected situation; but it cannot be enlarged light-heartedly to deal with a duodenal perforation, an inflamed gall-bladder, a gangrenous pancreas, or a ruptured ectopic gestation. When, after careful investigation and earnest thought, there remains a doubt about the nature of an acute abdominal catastrophe, I believe the surgeon should follow the two simple rules that enable bookmakers to live in Park Lane and spend their week-ends at Brighton: "Bet on probabilities--and cut your losses." In the acute abdominal stakes, the form is-appendix odds on favourite, ten to one the field. Therefore when in doubt he should make an appendix incision. In nine cases out of ten he will be right. In the tenth he will establish the diagnosis by fluid that escapes and by gentle exploration with the finger, and can close the first incision and perform the necessary operation through the correct one, having wasted less time and done less damage than if he had started with some compromise applicable to both conditions and suitable to neither.
While the standard incisions I have mentioned can, but very seldom should, be extended to considerable lengths, others are inextensible, being limited either by anatomical confines or by the need to avoid irreparable damage. In the first category are transverse incisions much above the umbilicus which are cramped by the rapidly narrowing epigastric angle, in the second are all vertical incisions near the outer border of the rectus. No surgeon who has seen, as I have, the victim of a full-length incision in the linear semilunaris, the abdominal wall deformed by a large unilateral bulge, the umbilicus in the nipple line, will ever forget the lesson.
The third criterion of a good incision is that it should do the least harm to the abdominal wall itself, to the structures underlying it, and to the patient. In the abdominal wall nerves matter most, for if they are damaged the muscles distal to the point of damage are paralysed; muscles come next in importance, for they heal by fibrous tissue only, but if the scar is strong and narrow no harm ensues; fibrous and aponeurotic structures matter least, for they repair after division with their own tissue; blood-vessels should be considered, but the arterial anastomosis in the abdominal wall is so free that no proposed incision is-likely to be excluded on grounds of the danger of ischaemia. Not only must the structures divided by the knife be taken into account, but the line in which they are divided; when they are cut across their line of strain, stitches pull out and weak areas tend to appear, but when they are cut in that line the edges of the gap tend to be self-supporting, and a few sutures only are needed to approximate them in thm immediate post-operative phase.
While avoiding damage to the structures of the abdominal wall itself, a good in): i should also take into account the possibility of adhesions to its deeper surface. Adhc -.is will happen in the best regulated incisions, but whether they are harmful will cind on where they are and what they fix. Fixation of the already fixed matters little it is only fixation of the mobile that causes symptoms. Adhesions to the colon or live;, that is in the upper or lateral parts of the. abdominal cavity, are relatively harmless; those involving the small intestine, that is in the umbilical and hypogastric regions, may be harmfutl and even dangerous.
Lastly, a good incision must spare the patient. So far I have spoken of the abdominal wall as the first obstacle to surgical enterprise. I must remind you that it is also a prime factor in the maintenance of life and the preservation of health. It maintains abdominal pressure and holds the viscera against the constant efforts of gravity to crowd them into the pelvis. In respiration, it is the recoil mechanism of the diaphragm. In the circulation, it is the counterpart on the venous side of the heart on the arterial side.
Of the abdominal muscles, the recti serve locomofion. They are the flexors of the trunk and opponents of the erector spinae. Their action is chiefly phasic, and in certain actions, such as rowing, they may be completely relaxed though the abdominal pressure at the time is very high. The rectus sheath has a spatial but not a functional relationship to the muscle. It is the common tendon of the lateral muscles, and is inserted into the linea alba. The strain on it, and the direction of its fibres are almost entirely transverse.
The lateral muscles can act individually in phasic contractions as benders and rotators of the trunk, but as a group their action is postural. They are the maintainers of abdominal pressure and the emptiers of the lungs.
To'sum up, the stresses on the abdominal wall are transverse and are constant. The recti are out of action -when a patient lies or sits with the trunk and hips flexed, but the lateral muscles maintain their tone and continue their rhythmic contractions while life lasts. Transverse incisions through the lateral parts of the abdominal wall and through the rectus sheath have therefore the support of physiological reasoning, in that they maintain the functions of circulation and respiration unimpaired from the beginning, and of technical requirements in. that they are in the line of strain, and after closure they depend little on sutures for their security. Incisions across the rectus muscle have no such sound support, and base their appeal chiefly on giving wide access.
Thus the incisions to which we can give unqualified support are few. Foremost among them are the lateral incisions. These may be strictly transverse or they may be oblique in the line of the nerves, but they should not slope upwards' and inwards. They may go as far back as the erector spine and as far forward into the rectus sheath as the rectus muscle can be retracted, but they should not cut across it. These incisions increase steadily in popularity. They give excellent access to any structure lying on the' same side between 'the pyloric plane and -the pubis. They heal up without incide'nt, they never seem to give way, and they allow unimpeded respiration and coughing from the beginning. Within the last two years they have, in my practice, ousted the lower median-and paramedian incisions for all purposes except the most straightforward appendicectomy. For this I still use, as always, the gridiron, which is, after all, the baby of the lateral family.
There are also the vertical incisions in the linea alba or through one or other rectus sheath. They can be any length that the abdominal wall allows, but thev should not stray more than an inch from the mid-line. I am tending, like other surgeons of my acquaintance, to abandon incisions that involve the separation of planes and the retraction of layers. Their separated planes leave potential spaces where fluid may collect and infection may appear and, so far from giving added safety, they are more prone to wound disruption than simpler methods. For this and other reasons I am becoming increasingly attached to the mid-line incision. I used to deplore its limited length, but since I learned from Victor Bonney that the umbilicus is no prohibited area I have cut through that central ornament freely from above or below. The mid-line approach offers the best access to the attics and cellarsof the abdomen, and the felted structure of the linea alba gives a better hold for stitches than the anterior and posterior rectus sheaths combined, structures which are all warp and no woof. Since no muscle is cut post-operative pain and therefore respiratory inhibition is less than in the paramedian incisions.
The right and left paramedian rectus-retracting incisions remain standard doors to the abdominal cavity, and very good they are provided they are not used in septic conditions. For these, for an operation on a gangrenous gall-bladder or a gangrenous appendix, I should prefer to cut through rectus sheath and muscle in the same plane.
With regard to closure, I would prefer to seek principles rather than to discuss details. Repair is a function of the tissues, and stitches do no more than bring them into apposition and hold them there while the gap is bridged by living fibroblasts. When there is constant strain on the suture line,stitches, whatever their material, cut through by pressure necrosis and separation follows. Further, there is no "key" layer in abdominal closure; all must be taken into account, and all must heal equally. A chink in the peritoneal suture may lead to wound disruption, or to hernia later. A haematoma or a dead space in the rectus sheath may breed an infection that will reach the peritoneum with even greater ease than a peritonitis infects the layers of the incision.
The peritoneum and posterior rectus sheath are usually closed together. Here we seek to provide not only strength, but an unbroken deep surface to which nothing can adhere. A plain over-and-over stitch leads inevitably to inversion and adhesion. In most incisions a continuous everting mattress suture of fine catgut is the best way of closure. In a gridiron incision, the peritoneal opening can be closed by a pursestring, leaving only a dimple on its deep surface.
The muscle layers must be sutured in as many strata as have been cut. In the lateral incisions therefore three layers of suture are required, and, since there is no tension, they may be continuous without reinforcement. In median and paramedian incisions one layer only is closed above the peritoneum, and that a layer divided at right angles to the stresses it undergoes. Here an unsupported continuous suture is not enough, it should be interrupted, or, if continuous,-should be supported by mattress sutures of unabsorbable material. Accurate suture of the skin involves also obliteration of all dead space in the fatty layer. Where deep tension sutures are used they serve this purpose in -addition to their primary one;-otherwise a series of deep skin sutures must be placed. The actual epithelial apposition is served by Michel's clips or fine edge-to-edge stitches which are removed in three or four days.
I have tried to define a good incision and will now attempt to discuss the poor incisions. There are a number of incisions which are permissible, but which most of us have tried and found wanting. Chief among these are the trans-rectus incisions. The transverse incision across both recti has much to recommend it. It gives the most wonderful access to the upper abdomen. It is physiologically sound, or at any rate based on sound theory, and had therefore an irresistible appeal to every surgeon fresh from the Primary. Its disadvantage is that, the rectus muscle being unsuturable, a space always remains where its fibres are cut, harmless if it r.epairs by first intention, disastrous if further h-emorrhage or infection ensue. It was a favourite with the magnificent young men who did the forward surgery in the Desert. But the surgeons in South Africa wrote, more in sorrow than in anger: "For God's sake stop your boys from cutting across the rectus; we have never seen such herniae before, nor in our wildest nightmares have we dreamed them possible."
The Kocher leads us to more acute controversy. It cuts one nerve at most, it does not bleed much, and it usually heals well. I was brought up on it, and I have never admitted abandoning it. I used it last week, and doubt if I shall ever use it again. It gives marvellous access to the fundus of the gall-bladder, which does not interest me, and very poor exposure of that deep Clapham Junction at the liver hilum where ducts join and arteries branch, a region I never approach without anxiety or leave without thankfulness.
There are incisions which have the common factor that they divide no muscle but give a wide opening in the mid-line by dividing the anterior and posterior rectus sheath at right angles to each other. These are Pfannenstiel's infra-umbilical and Sloane's supraumbilical incisions. They are ingenious, and to those who like ingenuity they will make a constant appeal, but it cannot be claimed that they have established any secure footing in abdominal practice.
There are bad incisions too. One that fails on every count, access, extensibility, security, is the Battle. I hope the day will come when the reasons for removing a doctor from the register will move on from the abject A's, alcohol, adultery and advertising, to the baleful B's, Battle and Bassini. A patient who loses his wife can find another; one who seeks treatment in response to an advertisement, either a frank one or a discreet paragraph in the evening press, gets the kind of doctor he asks for; but the man whose abdominal wall or inguinal canal is ruined is indeed betrayed by the profession to which he has entrusted his health.
Mr. Digby Chamberlain: An abdominal incision should: (1) Give adequate access to the structure to be operated on; (2) Leave a firm scar when it has healed; (3) Be as little unsightly as possible.
The satisfactory making and closing of abdominal incisions is as dependent on the amtesthetist as on the surgeon. With good muscular relaxation, it is possible to explore the abdomen in comfort, and to carry out the necessary operative procedures through an incision which might be quite inadequate with a less favourable anaesthetic. My own preference is for an intratracheal intubation, and I find that with it, I -get a slack abdominal wall, and that I practically never use a retractor, except the hand of my assistant.
Abdominal relaxation is of further importance in the incidence of incisional hernia. King (1935, Brit. J. Surg., 23, 35) is of the opinion that these hernias and burst abdomens start by the cutting out of the peritoneal stitch, or the escape of a tag of omentum between the stitches during the closure of the abdominal wall. We all know how prone this is to occur in a patient who is straining under the anaesthetic.
It is a fundamental rule that the incision should be adequate; much harm can be done by using too small an ipcision. Blind manipulations cover a multiple of sins, and it may only be the patient, or the pathologist, at a later stage, who is conscious of their extent. I remember being very impressed on reading "Fifty Years a Surgeon", by Morris's description of the removal of a stone from the ureter! A small gridiron incision is made in the iliac fossa, through which a finger is put, and the stone is felt on the posterior abdominal wall. With the anger in this positiop, the patient is rolled over, and a stab wound is made in the back, on to the tip of the finger. The point of the knife in this way opens the ureter and grates on the stone. A pair of forceps is inserted along the knife, and made to grasp the stone, which is then removed. To paraphrase Marechal Bosquet: "It is magnificent, but it is not surgery."
A rapid and systematic examination of the abdominal contents should always be made, before dealing -with the organ to which the symptoms have pointed pre-operatively.
The second consideration, that the scar should be firm, depends very largely on the suturing of the peritoneum, and is bound up closely with the anaesthetic. I believe this to be more important than post-operative cough or distension, or the too early return to heavy work. These factors may play a part, but they are much more likely to do so if there is a peritoneal defect, however small it may be.
There are certain factors to which we all subscribe. Nerves should be avoided, and it should not be forgotten that splitting the rectus muscle is bound to denervate its inner part. Blood-vessels are not of great importance, they are so numerous that we cannot seriouslv interfere with the blood supply of any part of the abdominal wall by <dividing them, but bleeding must be controlled as haematoma formation favours infection. Muscles are better displaced than divided, although I know that many surgeons habitually, and deliberately, divide certain of the muscles of the abdominal wafl.
The third consideration, the cosmetic result, is of small importance. A small incision, lying in a crease and following Langer's lines or a transverse suprapubic incision as. recommended by Pfannenstiel, may be justified at times, but only rarely, and when the diagnosis is beyond doubt. They are, of course, perfectly adequate for the removal of a normal appendix, but we do not spend our lives removing normal appendices.
For an incision to be sightly it should be mad'e with a sharp knife, the skin should be divided at right angles and haemostasis should be perfect. My only other contribution to a good cosmetic result, is that I excise the scar of a previous operation, if I am opening the abdomen for a second time, so that the patient is left with a single scar.
My standard incision is the paramedian, either right or left, upper or lower abdominal, according to the structure which is to be operated on. In operations on the stomach I prefer the right paramedian for duodenal ulcer, and the left paramedian for gastric ulcer or carcinoma. In resections for duodenal ulcer it is the duodenal end of the stomach which is most likely to be difficult, and a right paramedian incision gives the most direct access to it. In gastric ulcer and carcinoma, a high resection may be called for, and the cardiac end of the stomach can be approached most directly through a left paramedian incision. Paramedian incisions are perfectly satisfactory for colon work, as it must be remembered that when the colon has been mobilized, its mesentery is attached to the central part of the posterior abdominal wall.
For operations for acute appendicitis, I employ a Battle's incision. It has the advantage of not exposing a great deal of the abdomen in the presence of a septic lesion, but its drawback is that it cannot be extended at all easily if the diagnosis is found to be at fault. Should this happen, I close the peritoneum, allow the rectus to fall back into position, extend the skin and anterior rectus sheath part of the incision, and then displace the muscle' outwards.
For operations on the biliary tract I use a right paramedian incision in the large majority of cases, and in occasional cases only, particularly in fat subjects, I use a subcostal incision.
In closing my abdominal incisions, I close the peritoneum with a continuous catgut stitch, and if it is at all thin, and seems likely to tear, I pick up a small piece of the under side of the rectus muscle in each stitch to reinforce it. The rectus muscle is allowed to fall back into position; if it is thin and sometimes in the lower part if the incision extends down to the pubes, I fix its inner edge by one or two interrupted sutures to the linea alba. The anterior rectus sheath is closed by interrupted sutures, tension sutures are put through skin, subcutaneous fat and the anterior sheath of the rectus, and finally, the skin edges are approximated with Michel's clips. If a drainage tube has been employed, I put a separate stitch next to it in each layer, so that if it should happen to be eroded no harm results. I use catgut throughout, except for the tension sutures. Finally, I put on a sealed dressing, largely to prevent the nursing staff from looking at it. There is no reason for dressing a wound until the clips are removed on the fifth day. I know that the closure of abdominal incisions is not a matter of the greatest interest to surgeons generally; only too frequently do we leave this part of the operation to our assistants, and even students tend to be bored, and to take no interest in this part of the proceedings. In all circumstances I consider that we should at least close the peritoneum, in view of the importance of this step in its relation to incisional hernia. In addition, if we hand over to our assistants before this is done, there is sure to be a misunderstanding sooner or later, and a swab will be left behind.
I of nitrogen excreted each day in the urine increased considerably during the two weeks immediately after the injury had been inflicted. Since 1929, and especially during the war years, it has been shown, both in healthy animals and in well-nourished human subjects, that an increased nitrogen excretion is a constant finding after injury. Stevenson and his colleagues (1945) made detailed studies of human subjects suffering from moderately severe injuries and came to the conclusion that the disturbances in nitrogen metabolism fall into three phases. For a period of two to three weeks after the'injury the amount of nitrogen excreted far exceeds that taken into the body in food. The nitrogen balance is thus negative. Immediately following this negative phase there is a period of about a week when the nitrogen intake and output just about balance. The third phase, lasting five or more weeks, is characterized by a positive nitrogen balance, i.e. the intake exceeds the output. At the end of this third phase, input and output are approximately equal and the patient may be said to be "recovered".
It is obvious that the excess nitrogen excreted during the first phase of negative nitrogen balance must come from the destruction of body proteins. Normal adults confined to bed and not suffering from any injury or infection lose weight and show an increase in nitrogen excretion. This increased protein destruction can be called the atrophy of disuse. The magnitude of this destruction is, however, not sufficient to account for the amount of nitrogen which appears in the urine after injury. The protein destruction in such cases is an active breaking down of body protein not due to atrophy of disuse.
Nothing is known about the mechanisms which bring about this active protein breakdown (catabolism). They may be' presumed to be of a hormonal nature and are set in motion by substances liberated from the damaged tissues. No precise data exist which confirm or contradict such a hypothesis. Various ideas exist as to the meaning of this profound disturbance of protein (nitrogen) inetabolism, but here-again precise data are lacking. It has been' suggested that the breakdown provides the body with a readily available source of energy. If this were so then a diet of a high energy value ought to avert or minimize the amount of body protein' destroyed. Trials of such treatments have shown clearly that while some patients show a diminution in the nitrogen excreted the results as a whole do not support the hypothesis. It has been suggested that protein is broken down in order to provide adequate quantities of some protein aomponent which is necessary for the processes of repair. This latter idea has had some experimental support.
Rose and his co-workers (1942) over a period of many years have demonstrated that trowth in rats can be halted or retarded when one or more of a number of so-called "Ontial amino-acids" are absent from the diet. These amino-acids are "essential" in tht tht animal body cannot synthesize them and that they must be present in the prharis of the food or as the pure substances in artificial diets. Croft and Peters (1944 shovved that after experimental thermal burns in rats the negative nitrogen balance whicfi tnsues could be' diminished markedly when one of the essential amino-acidsmethionine-was added to the animals' -diet. The deduction from these experiments wouild thus appear to be' that protein is destroyed to secure adequate supplies of methionine.
The great protein destruction may be explained by the fact that methionine forms only around 3% of the body proteins. As the protein content of body tissues is about 20% by weight, it would be necessary for 500 grammes of tissue to provide 100 grammes of protein and 3 grammes of methionine. It must, however, be realized that the average human adult weighing around 65 kg. needs about 2 grammes of methionine per day, and if animal experiments are a true guide, growing human subjects would require much more in proportion to their body-weight. It would therefore not be unreasonable to suppose that when the repait processes are active, and they are only but a special type. of growth, the methionine requirements of the body may be doubled. Experiments on human subjects suffering from moderately severe injuries have shown that there is a diminution in the rate of protein destruction when doses of 3 to 5 grammes of methionine are given each day during' the phase of protein catabolism. Much more accurate and 'detailed work is needed before it can be stated dogmatically that the excessive protein destruction after injury is an attempt on the part of the organism to meet an increased demand for methionine. When a high protein intake-over 150 grammes per day-is giveh to patients suffering from severe injuries, the negative nitrogen balance can be diminhhed until it either becomes negligible or is converted into a positive one. Although the tomponents of such a high protein diet are rich in methionine, they also contain all the other essential amino-acids. The success of high protein-high caloric diets in injured Servicemen in speeding up convalescence has been confirmed by many groups of workers in different operational theatres during the last eighteen months of the war.
So far only the effects of injury on otherwise healthy subjects have been considered. The responses to injury in the debilitated human subject are quite different. It matters little whether the cause of debility is tuberculosis, severe infection, high protein loss due to burns, cancer, or starvation. If the debility is extreme, accidental or deliberate wouLnds do not heal or if they do heal the scars are weak. In Holland before the liberation, surgical work was almost suspended because of the tendency for abdominal and other wounds to remain unhealed often for weeks. Metabolic studies of debilitated individuals who have sustained an injury reveal that there is no increase in the nitrogen excretion during the period when it would be expected were the patient well nourished. Moreover, protein given in any form by any route does not lead to an immediate rise in nitrogen excretion. It would appear that protein is held tenaciously, perhaps as a protective ,esponse, to conserve protein needed for the continued existence of the individual. If treatment with high protein-high caloric diets is persisted in, sooner or later the nitrogen output will rise and coincident with this rise normal healing will commence.
Within the past few years it has been discovered that the urine from injured animals and human subjects contains a much increased content of the adrenal cortical hormonecortin. This hormone has the property of inhibiting the synthesis of protein from amino-acids, Consequently large quantities of these substances are de-aminized in the liver and some non-nitrogenous moieties built up into glycogen. If protein is being destroyed after injury in order to furnish quantities of some essential component, large masses of amino-acids which are not required are set free. If methionine were in fact the es$ential substance required by the organism, 97% of the protein molecule destroyed would be available for the de-amination and utilization as fuel. The presence of excess cortin enables this utilization to be effected. In debilitated patients cortin excretion is not increased.
Aniother hormone-testosterone has precisely the opposite action to cortin. It accelerates the synthesis of protein from amino-acids and hence promotes storage of protein. Protein, however, cannot be synthesized unless adequate quantities of each of the amino-acids needed to build the protein molecule are available. Under conditions of injury the output of testosterone in the urine is diminished. Cuthbertson, Shaw and Young (1941) observed that injections of crude extract of the anterior pituitary gland of the ox into rats which had had simple fractures of the femur prevented the loss in body-weight and excessive loss of nitrogen in the urine which followed such injuries in control animals. Although protein was conserved within the body as the result of such treatment they noted in another series of experiments that skin wounds did not heal more rapidly when the same pituitary extract was administered. Such observations may lend indirect support to the view that protein destruction after injury is effected to set free from the protein molecule some component which is necessary for repair.
The relation between the increased excretion of nitrogen and the excessive production of cortir, is by no means clear. In the intact animal, injections of cortin will not induce a negative nitrogen balance. It seems probable, therefore, that the increased nitrogen excretion is caused by the increased cortin production.
It is obvious that the treatment. of injury must include some attempt to minimize the effects of the high protein catabolism in the first phase and to produce as high a positive nitrogen balance as possible in the-third phase. The aim of this treatment should be to provide a protein intake of not less than 2 grammes per kilogramme of body-weight per day in an otherwise normal human adult, and if possible 2-5 grammes. If the intake can be increased above this level the convalescent period will be noticeably shortened.
The protein intake can be increased by four methods: (a) A high protein diet where the major part (over 75%) of the protein is available from milk, eggs, cheese or meat; (b) the oral use of hydrolysed proteins such as casein or meat; (c) the intravenous infusion of solutions of protein hydrolysates; (d) the intravenous administration of human plasma.
The high protein diet of around 150 grammes of protein per day has also a high caloric value. The total calories should be not less than 2!000, but the ideal is about 3,000 for a healthy adult. To obtain such an intake, supplementary milk drinks of the type used by Stevenson (1945) are ideal. Protein hydrolysates by mouth suffer from the disadvantage that they are unpalatable unless great trouble is taken to flavour them. They have many advantages. If given by gavage, the fluid and caloric needs of the patient can be met easily at the same time. Moreover, if given over a period of many hours at a slow rate-5 c.c. of 5% solution of the hydrolysate per minute-they are rapidly absorbed and leave no residue. In some patients they are not easily tolerated by the intestinal mucosa and may produce a diarrhoea. . Reduction of the total intake by lessening the rate of input often leads to a successful administration. The administration of protein hydrolysates by vein has proved of considerable value in the treatment of the debilitated patient and of patients in whom it is considered unwise to give anything by mouth for a period of days. Suitable preparations, however, are not readily available and some time must pass before any extensive trial of them can be made in civil practice in this country.
In the otherwise normal patient, all the above treatments lead to an increase in the nitrogen output, but it is found that the nitrogen balance is rendered less negative. In debilitated patients, this rise in nitrogen output is not observed. It may be presumed therefore that the nitrogen is conserved as protein. When plasma is given to both normal and debilitated patients the nitrogen output is not increased. This whole protein (plasma protein) apparently enters rapidly into the cellular elements and does not participate in the metabolic activities induced bv the injury. In cases of injury, except where plasma is used to assist in the restoration of the plasma volume or to replace the loss of whole protein as in burns, plasma infusion is not a method to be used in place of the three methods already mentioned. If it be true that the increased protein metabolism in injury provides adequate supplies of some protein constituent necessary for the repair process, then whole plasma protein by vein must be broken down before it can supply this constituent. The most economical way to provide this hypothetical constituent would seem to be by a proper diet and failing that by hydrolysed proteins given by mouth or by vein.
The treatment of the debilitated patient is identical with that of the otherwise normal, except that the intake must be made as high as possible if convalescence istto be rapid and healing sound. Successful treatment is followed after a few days or a week by a gradual rise in nitrogen output. Maintenance of a high nitrogen input until healing is well advanced is essential.
The use of vitamins to accelerate healing has been investigated by numerous observers. Vitamin C (ascorbic acid) is one vitamin which seems to be concerned intimately with the repair process. After injury this substance disappears from the urine and cannot be made to reappear even when large quantities of it are administered. It is known that it is concerned in some way with the formation of cortin, and it is also essential for the production of collagen so necessary for the development of strong scar tissue. The level of intake of ascorbic acid should be at least twice the accepted optimum for adults.
It has not been possible in this paper to mention the many groups of workers who have contributed so much to our understanding of one aspect of the effects of injury. The various conferences in New York on wound healing convened under the auspices of the Macy Foundation have been a great stimulus to those of us in this country who have investigated some of the problems of wound healing. Although much has become known since 1939, we are still a long way from understanding the fundamental mechanisms involved in the healing of even a clean surgical wound.
